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2Introduction
It is well known that physical modelling of the proper 
seismic process faces a number of problems associated both 
with methods and technology. At the same time since seismicity 
structure has a self-similarity quality, it is possible to study the 
seismic process in the laboratory. 
Many experiments have been put at rather low pore
pressure which did not exceed the first MPas. A number of field
observation shows, that variations of weak seismic flow can be
caused by minor changes of pore pressure. For example, it is
shown by Siberian geophysicists, that the seismic regime
around the Baikal Lake depends on seasonal variations of
water level which change pore pressure in a range up to first
tens mbars.
3It means that the physical mechanism of fluid
influence on seismicity could be connected not only
with effective pressure changes in porous
environments. In this study we represent laboratory
experiments in which pore pressure was not created
specially, and acoustic activity (microearthquakes) 
arose with water penetration into the cracks and micro 
fissuring zone in the loaded sample.
4Procedure and data
The long-term experiments were carried out with lever 
press with maximum calculated axial load of 25 tons, under the 
biaxial compression of 4 tons. The duration of experiments was 
changed from several tens of days to the first hundreds of days
so the loading was carried out under constant stress. 
The acoustic signals during the experiments were received 
by piezoelectric sensors and data acquisition system Aline32D, 
which enables to record wave forms (SR 5 MHz) and register 
auxiliary parameters.
5General view of model in the press
6General view of the sample after failure
The 3-layers 
models composed 
of sands, cement, 
granite ships and 
were destroyed 
by a system of 
micro fissures 
gradually 
forming a 
complex shear 
macrofailure.
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9AE - Stage III
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Important features of AE activization:
 unlike the earlier experiments (reported by Lockner
and Byerlee, 1980; Byerlee and Lockner, 1977; Kranz et 
al., 1990; Masuda et al.,1990; Masuda et al., 1993; 
Blanpied et al., 1992 and others) we did not injected fluid 
under pressure into the loaded sample and therefore 
hydraulic fracturing was ruled out.
 injection of water to a tip of a crack through some time 
interval after the previous injection causes much smaller 
acoustic activity. It could be explained by partial removal of 
pressure due to the previous activization. Thus, it is 
possible to believe, that activization appears as results of 
influence of water on a surface of the stressed (active) 
cracks. 
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AE waveforms
Examples of 
acoustic signals 
before and after 
water injection 
on stages I and 
III.
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Amplitude
distribution
of AE
(stages I,II, III)
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after water infusion
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AE amplitude distribution parameters
lgN  = α − β⋅Α 
 
 α β 
Stage I   
Background AE 5.42 0.054 
After water infusion 6.39 0.071 
Stage II   
Background AE 6.32 0.064 
After water infusion 6.27 0.063 
Stage III   
Background AE 6.73 0.06 
After water infusion 6.57 0.05 
 
 
Significant distinctions between samples are not found out
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Variations of average AE event energy 
after water infusion
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AE decay – stage II
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lgN = -1.05lgT + 0.5
          R=0.92
Real duration and 
“swarm” volume:
6 hours/390 events 
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AE decay – stage III
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N/Nmax = c/(1+t)p
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Examples of relative change of number of acoustic 
signals after injection of water at stages I, II, III
AE activity (ratio of acoustic 
events number dN to time interval 
dt) was calculated; dt increases 
logarithmically. 
One can see that only plot I and 
final parts of plots II and III can 
be described by the equations of 
relaxation type.
The increasing dN/dt was 
observed in the beginning of 
AE responce .
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Sequence of events in swarms (Kamchatka)
The AE features reminds a 
seismic activity at EQ 
swarms (K  ≥ 8.5). 
Presented swarms have
different duration, energy
structure, and the strongest 
shock occurs not in the
beginning of a swarms. 
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Examples of relative change of number of seismic 
events in swarms
The ratio of number 
of seismic events dN to 
time interval dt
(calculated by the same 
way as for AE data). 
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Points for discussion
1. The increase of cracking rate can be caused by reduction of 
durability of moistened area of model, increasing of stress etc.
The effect of reduction of durability of a solid body as a result of 
adsorption phenomena, wetting and other physical and chemical 
interactions is established for different body, including rocks - it 
is caused by reduction of free surface energy. 
2. There is an assumption, that swarm seismic activity can arise 
under trigger influence of water solutions into fault zone which
is being a metastable condition.
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3. The possible explanation of the received dependences can be 
based on the equation of the kinetic theory of durability 
(Zhurkov, 1968) known also as stress corrosion
dε/dt = ε0⋅exp [(γσ- U0)/kT]
In our case AE activization after water injection and subsequent 
recession includes at least two competing processes. The first 
leads to increase in quantity of active cracks. However, this 
effect should be weakened gradually due to the limited number 
of cracks being a unstable condition, reduction of the potential
energy as a result of AE and exhaustion of the injected water. 
Let's assume, that the number of cracks per time dN/dt is defined 
as
dN/dt = (dN/dt)0⋅exp[φ(t) – Ψ(t)]
By analogy to the kinetic equation it is possible to assume, that φ(t) и Ψ(t) describe changes of stress and energy of activation. 
Then during the first process (activization AE) the number of 
cracks increases due to growth of  pressure in tips of existing 
cracks and (or) reduction Ψ(t) due to reduction of activation 
energy. Intensity of the second process (recession AE) also 
increases in process of development of the first one.
22
1
2
1 10 100 1000 10000 100000
Время, с
0.0001
0.0010
0.0100
0.1000
1.0000
10.0000
100.0000
3
dN/dt
4
4. It is possible to write out 
expression in the form of
dN/dt = a⋅exp[tk – V/(1+tm)]
which qualitatively reproduces 
the basic types of development 
of acoustic activization after 
water injection. Real process 
includes various mechanisms so 
the quantitative description the 
caused injection of water AE 
should be described by more 
strict formulas. We wish to 
emphasize only, that the effect 
described in the present work 
does not contradict the 
fundamental concept of 
durability under the assumption, 
that activation energy U0 and 
effective stress σ are time-
dependent.
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Conclusions
 - as a result of long-term experiments it is shown, that 
injection of small volume of water in area of active cracks 
leads to sharp activization of acoustic emission.
 - the structure of AE after water infusion reflects two 
competitive processes: increasing of instability and 
relaxation;
 - different types of initiated AE time series could be 
described by function based on known equation 
dε/dt = ε0⋅exp [(γσ - U0)/kT]
under the assumption that activation energy U0 and 
effective stress σ are time-dependent;
 - the structure of AE after water infusion is qualitatively 
close to the same for earthquake’s swarms.
